ABSTRACT: Several citizen science initiatives, taking advantage of growing numbers of recreational SCUBA divers, have produced information for conserving marine biodiversity. In contrast, the potential benefits of involving recreational spearfishers in research activities has been utterly overlooked. A noteworthy aspect of modern breath-holding spearfishing is the use of full HD microcameras for recording the fishing action. When using the sit and wait fishing technique, the spearfisher remains still on the bottom, waiting for the prey to approach. These videos may provide information on fish species richness and relative abundances. We explored the potential of recreational spearfishing footage for assessing the structure of fish assemblages on shallow rocky reefs. We assessed how estimates of fish species richness, composition and relative abundance from spearfishing videos compare to those from underwater visual censuses (UVC), at 2 sites in the NW Mediterranean. Species accumulation curves show that the 2 sampling methods provided comparable estimates of species richness for any sample size. Although the structure of fish assemblages differed between UVC and videos, the relative abundance of only a few species, mostly characterized by a sedentary habit, was greater in UVC than videos. In addition, in order to show the potential use of information from spearfishing videos, we modelled the occupancy of a species (the wrasse Symphodus rostratus) at increasing distances from a commercial port, explicitly incorporating imperfect detectability as a function of video length and habitat characteristics. While the occupancy of this species did not vary with distance from the port, its detectability depended on video length. Our study suggests that videos recorded by re creational spearfishers may be useful for monitoring fish assemblages and for testing hypotheses at large spatial and temporal scales.
INTRODUCTION
Natural systems worldwide are threatened by compounded human perturbations operating at a hierarchy of spatial scales, from local to global (Vitousek et al. 1997) . The lack of data describing patterns of species distribution across time and space is the main hurdle to achieve evidence-based conservation and management practices. In the past decade, citizen science -the involvement of citizens in both scientific thinking and data collection -has emerged as a formidable research tool to address many ecological issues that, due to time and financial constraints, could be hardly tackled by means of scientific campaigns (Dickinson et al. 2010) .
In marine environments, successful citizen science initiatives have been established to record species outbreaks (e.g. JellyWatch; www.jellywatch.org) or invasions (Delaney et al. 2008) , survey beach litter (Rosevelt et al. 2013 ) and reef diversity (Francisco-Ramos & Arias-González 2013; Cybelle planete: www. cybelle-planete.org/cybelle2/) or monitor cha rismatic fauna, such as sharks (Ward-Paige & Lotze 2011a , Witt et al. 2012 , stingrays (Ward-Paige et al. 2011b) , seahorses (Goffredo et al. 2004 ) and red coral (Bramanti et al. 2011 ). Many of these initiatives have taken advantage of the growing number of recreational SCUBA divers and their positive attitude towards conservation activities. In contrast, the potential of spearfishers in contributing information useful for the conservation and management of shallow coastal systems has been utterly overlooked.
Spearfishing by breath-holding divers is an expanding recreational activity in many temperate and tropical regions, as shown by the participation of 19 national teams in the 2012 world championship (held by the Confédération Mondiale des Activi tés Subaquatiques; www.cmas.org/spearfishing/114-39622-php, accessed 28 March 2014). In the past decade, likely as a response to the progressive de cline of prey, there has been a remarkable evolution in spearfishing: improved diving gear (e.g. carbon fins and spearguns; warmer and more flexible wetsuits), greater physical/mental training and a refinement of fishing techniques. One noteworthy aspect of modern spearfishing is the widespread use of full HD microcameras for recording the fishing action, generally mounted on the speargun or strapped on the head. When using the sit-and-wait fishing technique, the diver remains still on the bottom, partially or totally hidden from the fish sight, waiting for the prey to approach. Under these circumstances, the video camera faces the same direction for several seconds and the resulting footage, although encompassing a relatively short timeframe, might provide information on species richness and relative abundances. These might be comparable, to some extent, to estimates produced by stationary point counts (Bohnsack & Bannerot 1986) or ad hoc video sampling techniques employed for assessing the structure of fish assemblages , Cappo et al. 2004 , Stobart et al. 2007 ).
Non-destructive sampling methods like underwater visual census (UVC; strip transects or stationary points) have been proved to be an effective tool for assessing the structure of shallow-water fish assemblages and for monitoring the effectiveness of MPAs (Harmelin-Vivien et al. 1985 , Bohnsack & Bannerot 1986 . The application of remotely operated video surveys has, however, increased as an attempt to solve some of the shortcomings of UVC, such as constraints in SCUBA diving activities (time, depth), variability among observers, lack of repeatability and species-specific response to the presence of a diver , Cappo et al. 2004 , Stobart et al. 2007 , Colton & Swearer 2010 . In particular, the application of baited remote underwater video stations (BRUVS) has been proven effective in recording diverse fish assemblages. Nonetheless, this methodology also has limitations, mainly resulting from difficulties in modeling the bait odour plume in respect to the sensory capacity of the different species (Heagney et al. 2007 ), species-specific response to the bait (Priede & Merrett 1998) and the occurrence of competitive interactions among the species attracted to the bait . There is therefore mounting consensus that no single visual sampling method can be retained as universally superior to the others.
Here, we explore the potential of recreational spearfishing video for assessing the structure of fish assemblages on shallow rocky reefs. In particular, the aim of this study was assessing how estimates of species richness, composition and relative abundances of fish from spearfishing videos compare to those obtained by UVC (strip transects, a widely used method in the Mediterranean). In addition, in order to show the potential use of spearfishing videos for testing broad hypotheses, we investigated how estimates of species occupancy (i.e. probability of presence in a sampling unit) can be improved by taking into account imperfect detection (the probability of correctly recording the presence of a species when present in a sampling unit; MacKenzie et al. 2002 , Katsanevakis et al. 2011 , Issaris et al. 2012 . In order to provide a worked example, we modelled the occupancy of a species (the wrasse Symphodus rostratus) at increasing distances from a commercial port, explicitly incorporating imperfect detectability as a function of covariates extracted from videos (video length and habitat characteristics).
MATERIALS AND METHODS

Comparisons between spearfishing videos and UVC
This study was carried out in the NW Mediterranean, along the coast between the town of Livorno (43.55°N, 10.32°E) and the rocky shore of Calafuria (43.48°N, 10.33°E) (Fig. 1) . Run-off and inputs of organic and inorganic pollutants along this coast are lower compared to levels recorded at Livorno (Tamburello et al. 2012 ), but fish assemblages are heavily exploited by a variety of recreational and commercial activities (authors' un publ. data). Rocky reefs are characterized by mosaics of habitats, such as seagrass (Posidonia oceanica), coralligenous formations, turf-forming and photo philous macroalgae and encrusting coralline barrens (Tamburello et al. 2012) .
Two sites ~2.5 km apart were randomly chosen ( Fig. 1) . At each site, fish assemblages at a depth of 6 to 10 m were sampled by means of both UVC and spearfishing videos, within an area of ~70 000 m 2 (approx. 350 m alongshore and 200 m perpendicular to shore). At each site, sampling via each of the 2 techniques was repeated at 3 randomly chosen dates, between June and October 2013. Sampling was never carried out when visibility was lower than 6 m and, on a given day, only 1 site was sampled and a technique employed. The same camouflage wetsuit and fins were used for all sampling events, plus a black buoyancy jacket and regulators when SCUBA diving.
Visual censuses were done along 25 × 4 m transects while SCUBA diving, a common method for sampling shallow rocky reef assemblages in the Mediterranean (Harmelin-Vivien et al. 1985 , Guidetti 2006 . For each sampling time, fish assemblages were censused along 6 transects ~100 m apart, (except for 1 occasion at Site 2, in which 8 transects were censused). Videos were recorded while spearfishing (i.e. breath-holding diving), using a full HD microcamera (Go-Pro Hero ® ), equipped with a flat lens, mounted on the left side of a 1 m long speargun, recording footage with an angle of ~80°. For each fishing session, 15 to 23 dives (approx. 25 m apart) were performed across the study area, which is consistent with a typical 2 to 3 h spearfishing session. Footage was recorded while using the sit-and-wait fishing technique. This technique exploits the natural behaviour of predatory fish to check out potential food sources; it implies the spearfisher will remain still on the bottom, waiting for the prey to approach, while taking advantage of habitat features (e.g. boulders, outcrops, seagrass leaves) to hide, partially or totally, from the sight of fish. The camera was switched on just before starting a dive and switched off when the surface was reached. In order to mimic actual spearfishing, duration of dives was not standardized.
Each video was analyzed on a standard computer and footage that was not performed using the sitand-wait technique or of low quality was discarded. Fish counting started soon after the spearfisher had taken position on the bottom and was terminated at the end of the hunting action, corresponding to the departure from the bottom (i.e. the diver starts ascending to the surface). All counted fish were identified to the species level, except for some small individuals belonging to the genus Symphodus. Cryptic species (e.g. Gobidae and Blennidae) were not censu sed, since they can hardly be identified from videos and strip transects. The duration of video readings was not standardized, but varied between 18 and 60 s, generating sampling times across a fishing session from 386 to 913 s. During each fishing session, visibility was quantified by means of a measuring tape. It was then used to calculate the area sampled by videos, roughly estimated as the proportion of the circumference captured when filming with an 80° angle. the maximum distance was set at 8 m. For each video, the maximum number of individuals of each species of fish seen together in any one time over the whole duration of the video and within the sampled area was recorded (MaxN; Priede et al. 1994 , Cappo et al. 2004 . MaxN has been previously found to be correlated with footage length (Ellis & DeMartini 1995) . In this study, Spearman's rank correlation indicated that there was no significant correlation be tween MaxN and video length for any of the species analyzed (see Table S1 in the Supplement at www.int-res.com/articles/suppl/m506p255_ supp.pdf).
In order to standardize the area sampled and enhance formal comparisons of fish species richness and relative density with transects, data from subsequent videos were pooled. The number of pooled videos necessary to cover a surface comparable to that of transects (100 m 2 ) varied according to visibility: pooling 2 videos when visibility was 8 m generated a total sampling area of ~90 m 2 , while pooling 3 videos when visibility was 7 m resulted in a total sampling area of ~103 m 2 . Sample based rarefaction curves plotting the number of species against the number of UVC or videos sampled across the 3 sampling dates were calculated separately for each study site. Unconditional variance estimates were used to construct 95% confidence intervals for rarefaction curves (Colwell et al. 2012 ). Calculation of unconditional variance assumes that some species in the reference assemblage are not detected when all sampling units are pooled and, as recommended for sample-based data, Chao 2 was used as the estimator of asymptotic species richness (Colwell et al. 2012 , Colwell 2013 . At Site 1, UVC curves were extrapolated following the method proposed by Colwell et al. (2012) , in order to allow the comparison with videos not biased by differences in total sampled area. Overlapping of confidence intervals, although a conservative criterion, was used to assess statistical significance of differences between UVC and video curves (Colwell et al. 2012) . Analyses were run in EstimateS 9.1.0 (Colwell 2013) .
Differences in the structure of fish assemblages between UVC and videos were analyzed by means of multivariate techniques. Variation in the whole assemblage was assessed by means of a 3-factor PERMANOVA (Anderson 2001), including the factors Technique (UVC versus video; fixed), Site (random and crossed with Technique) and Date (random and nested within the interaction Technique × Site), on Bray-Curtis dissimilarity calculated from either raw or presence/absence transformed data. The response of the analyses on dissimilarity measures calculated from untransformed data is largely influenced by the most abundant species, while that of analyses based on presence/absence data provides an insight into variations in composition and frequency of occurrence of species. The damselfish Chromis chromis, being ubiquitous and usually having an abundance an order of magnitude greater than the other species, was excluded from analyses since it would have had a disproportionate weight on their response. SIMPER was used to identify the species contributing most to differences between sampling techniques and taxa contributing at least 10% to dissimilarity were considered important differentiators. The density of the most common species, as well as species richness, was analysed by means of permutational ANOVAs (Anderson 2001), using the same design described for multivariate analyses. This technique allows unbalanced designs and, using permutations, distribution-free analyses. Multivariate and univariate analyses were performed using the software PERMANOVA+ for PRIMER (Anderson et al. 2008) . Pooling procedures were used according to Winer et al. (1991) and relevant terms were eliminated when not significant at p = 0.25.
Modelling species occupancy and detection probability from spearfishing videos
Data from spearfishing videos recorded between August and November 2012 at 6 sites along the coast south of the city of Livorno (Fig. 1) were used to assess their potential for modelling species occupancy. The wrasse, Symphodus rostratus, was used as a model species, since, in contrast to most of the other species, it was not detected at all sampling sites. The occupancy of S. rostratus was modelled by following the approach proposed by Katsanevakis et al. (2011) , which expands the single-season procedures developed by MacKenzie et al. (2002 MacKenzie et al. ( , 2006 . In the general formulation by MacKenzie et al. (2002) , the presence/ absence of a species at a given number of s sites is recorded K times by the same or independent observers. In the approach proposed by Katsanevakis et al. (2011) , and more recently applied by Issaris et al. (2012) and Salomidi et al. (2013) , the replication of sampling through time is replaced by repeated independent observations by different observers. Detections by each single observers are considered as surveys sensu MacKenzie et al. (2006) , generating, for each study site, a detection history consisting of a string of 1 (detection) and 0 (nondetection). In our case, each replicated video (n = 11 to 24) was considered as an independent survey and the detection history thereby generated was used to model species occupancy. Sampling inconsistencies can be managed using this procedure based on maximum likelihood (MacKenzie et al. 2002) . Here, we report briefly on modeling procedures, as these have been described in full detail by previous papers (MacKenzie et al. 2002 , Katsanevakis et al. 2011 , Issaris et al. 2012 , Salomidi et al. 2013 . Species occupancy Ψ was modelled jointly with detection probability p; a site can be scored as occupied, with probability Ψ, or as unoccupied, with probability 1 − Ψ, by the target species. If the species is present at the site, it can be detected by each of the j surveys (i.e. video), with a probability p j , or pass undetected, with a probability q j = 1 − p j . For example, having 4 surveys, the detection history H i = 1000 would indicate that the species was detected in the first survey only and its probability would be expressed as Pr(H i ) = Ψp 1 q 2 q 3 q 4 . No detection of the model species by any of the surveys may indicate genuine absence or failure to detect it despite it being present and the probability of such detection history would be expressed as Pr(H i ) = Ψq 1 q 2 q 3 q 4 + (1 − Ψ). Assuming independent observations, the likelihood of the data is obtained by deriving these expressions for each of the observation histories generated across the s sites sampled:
(1) where p represents the vector of detection probabilities.
Within this framework, covariates can be added in order to explain variability in either occupancy (i.e. site covariates), detection (i.e. survey covariates) or both (MacKenzie et al. 2002 , Katsanevakis et al. 2011 , Issaris et al. 2012 . Covariates can be incorporated using the logistic model
where θ i is the probability of either occupancy or detection, Y i are the covariates being modeled and β is the vector of covariate parameters to be estimated. Here, we included the standardized distance [(value − mean distance)/SD] from the commercial port of Livorno (one of the largest in the NW Mediterranean) as a site covariate, in order to test the alternative hypo theses that the occupancy of the model species (S. rostratus) was constant across study sites (O1) or increasing with distance from the port, i.e. from more to less de graded sites (O2). In addition, we included video length and habitat features as survey covariates, testing the following detection assumptions: detection ability was constant across surveys (D1), varied among surveys according to video length, quantified as described in the previous paragraph (D2), or varied among surveys in relation to habitat features (D3). We identified 5 gross habitats according to dominant habitat formers or prevalent features of the substratum: (1) seagrass meadows (Posidonia oceanica); (2) assemblages composed by photophilic and/ or turf-forming macroalgae; (3) coralligenous assemblages (a hard substratum of biogenic origin that is mainly produced by the accumulation of calcareous encrusting algae growing in dim light conditions); (4) mixed assemblages of (1) and (2); (5) mixed assemblages of (1) and (3). Combining the 2 assumptions for occupancy and the 3 for detectability generated 8 occupancy models (Table 3) . Following an information-theoretic ap proach, the Akaike Information Criterion (AIC) was used to select the most plausible models. The best models among the candidates were identified according to w, the Akaike weight (Burnham & Anderson 2002) . The relative weight of predictor variables (i.e. the evidence in favour of the different hypotheses being tested) was estimated by summing up w across the set of models in which each variable occurred (Burnham & Anderson 2002) . Model goodness of fit was assessed by means of chisquared statistic using the bootstrap procedure proposed by MacKenzie & Bailey (2004) . Finally, model averaged estimates of Ψ and standard error were calcu lated from the set of the most plausible models following the procedures defined by Burnham & Anderson (2002) and previously adopted in the context of species occupancy analyses in marine environments (e.g. Katsanevakis et al. 2011 , Issaris et al. 2012 . Analyses were run using the free software Presence v.3.1 (Hines 2006) .
RESULTS
Comparisons between spearfishing videos and UVC
At both sites, 95% confidence intervals of species accumulation curves overlapped throughout the entire sample size and thus there was no clear and strong evidence of differences between UVC and videos ( Fig. 2) . At Site 1, the 95% confidence intervals of the video curve approaches zero (around the observed number of species), indicating that the accumulation of species had reached an asymptote ( Fig. 2A) .
Multivariate analyses on untransformed data de tected significant differences between UVC and video in the structure of fish assemblages (Table 1) . Few species contributed more than 10% of dissimilarity between sampling techniques (Table S2 in the Supplement); im portant differentiators between fish assemblages were Coris julis (36.95%), Sym phodus ocellatus (11.15%) and Sarpa salpa (10.14%). In contrast, there were no significant differences between UVC and video when analyses were performed on presence/ absence data (Table 1) . Variability among sampling dates was significant for analyses on both untrans formed and presence/absence data (Table 1) .
Five species were detected exclusively by UVC (Apogon imberbis, Boops boops, Sciaena umbra, Spicara maena, Spicara smaris) and 4 species by videos (Dentex dentex, Diplodus puntazzo, Sparus aurata and Thalassoma pavo) ( Table S3 in the Supplement). The density of C. julis, Serranus cabrilla and Serranus scriba resulted greater in UVC than videos (Fig. 3, Table 2 ). In contrast, the density of the other species analyzed, as well as species richness, did not differ between the 2 sampling techniques (Table S4 in the Supplement).
Modelling species occupancy and detection probability from spearfishing videos
The best model (w = 52.30%) predicting the prob ability of presence of Symphodus rostratus was Ψ(.)p(length), which supported assumptions O1 and D2 (Table 3) . There was no evidence of poor fit for this model (chi-squared test, p = 0.25). Two other models, Ψ(dist)p(length) and Ψ(.)p(.), were some- Table 3 ), the occupancy of S. rostratus in the study area was 0.941 ± 0.164 (mean ± SE).
DISCUSSION
Videos recorded by recreational, breath-holding spearfishers provided estimates of species richness comparable to those obtained from strip transects, a common UVC technique. These re sults are somewhat in contrast with some studies (also carried out in the Mediterranean) reporting generally lower estimates of species richness obtained via remotely operated vi deos compared to strip transects (Francour et al. 1999 , Stobart et al. 2007 , Pelletier et al. 2011 . In virtue of their greater perimeter-toarea ratio, strip transects are likely to sample a wider range of habitats than point re c ordings, such as those produced by remotely operated videos, and they are therefore more likely to detect more benthic and pelagic species (Francour et al. 1999 , Stobart et al. 2007 . No diffe rent from stationary point counts (Bohnsack & Banne rot 1986), one spearfishing video is unlikely to sample multiple habitats, with its detection power varying with habitat complexity. Nonetheless, the relatively large number of dives during a spearfishing session (in total, 62 at Site 1 and 52 at Site 2) was likely as ef fective as transects in sampling the diversity of habitats at our study sites and, hence, in detecting species. We emphasize that the number of dives during each of the experimental fishing sessions is well within the range of dives that a spearfisher with average training performs in a 2 to 3 h session (F. Bulleri pers. obs.).
As shown by the worked example on Symphodus rostratus, estimates of species occupancy and species richness from spearfishing videos can be enhanced by using procedures for taking into account imperfect detectability (MacKenzie et al. 2002 , Katsanevakis et al. 2011 , Issaris et al. 2012 . Unfortunately, sampling with both techniques was performed at only 2 sites and, within each of them, sampled units (either transects or video) were not fixed but changed from one time of sampling to another, preventing assignation of detection history. Thus, it was not possible to formally compare estimates of species occupancy and detection probability between the 2 techniques. Nonetheless, our modeling, despite including a relatively small number of sites, shows how a probability of occupancy can be assigned to fish species (S. rostratus, in this case) also at sites in which it has not been recorded.
An important point is that both occupancy and detection probability can be modelled as a function of important environmental and technical covariates (see Katsanevakis et al. 2011 , Issaris et al. 2012 , Salomidi et al. 2013 Table 3 . Set of candidate models predicting the probability of presence (Ψ) of Symphodus rostratus in the study area, using simple logistic regression. Reported values are twice the negative likelihood (−2l), the number of parameters included in the model (K ), the relative difference from the Akaike's information criterion (AIC) value of the top-ranked model (ΔAIC) and the AIC model weight (w) expressed as a percentage. (.) = constant occupancy or constant detection; dist = distance from the port; length = video length; habitat = habitat features as emerged for S. rostratus, footage length, which is highly variable among spearfishing videos, is likely to have an important bias on detection probability. Addressing such bias seems, however, straightforward. Likewise, the effects of a spearfisher selecting particular habitat patches on rocky reefs on estimates of species occupancy may be accounted for by treating habitat features (extractable from each video) as a detection covariate. In addition, habitat features might be used to improve occupancy estimates when study sites markedly differ in their regard. Finally, although models including the distance from the port as an occupancy probability covariate received little support in the case of S. rostratus, our analyses show that spearfishing videos might provide useful data for testing hypotheses regarding variations in species distributions as a consequence of human or natural variation in environmental conditions at regional scales (Katsanevakis et al. 2011 , Issaris et al. 2012 , Salomidi et al. 2013 . Importantly, these analyses should be applied with caution to highly mobile fish species since sites are assumed to be closed (i.e. occupancy remains constant) over the sampling period (MacKenzie et al. 2002 (MacKenzie et al. , 2006 . The actual area sampled by any visual technique is likely larger or smaller than that in which counts are performed and varies among species. Fish species will be attracted/repelled to a different extent by the presence of either a SCUBA diver, a baited or an unbaited camera; spearfishing videos are no exception, since some species are generally attracted by the presence of the spearfisher on the bottom (which is why the sit-and-wait technique is used), while others are not. However, this does not represent a major hurdle when the data extracted from spearfishing videos are used to run spatial or temporal comparisons (and not used to estimate absolute abundances).
High levels of disturbance can promote a reaction to flee in fish (Kulbicki 1998 , Cinner et al. 2006 , Guidetti et al. 2008 , Januchowski-Hartley et al. 2013 , ultimately biasing UVC surveys (Feary et al. 2011) . In disturbed areas, species that are naturally shy or have increased wariness through learning are often detected by SCUBA divers at the limit of the transect belt or spotted outside of the sampling area and are therefore not included in species counts (HarmelinVivien et al. 1985, F. Bulleri pers. obs.) Only fixed, remotely operated video recorders have been, therefore, envisioned as a valid tool to record shy species (Francour et al.1999) . Although Cole et al. (2007) did not detect major advantages of sampling fish assemblages using re-breathers, filming by spear fishers holding their breath and hiding on the bottom may minimize some of the biases due to the presence of a SCUBA diver, such as noise and bubbles, and enhance the detection of species that ex hibit a shy behaviour in disturbed areas.
For instance, the presence of relatively uncommon predators, such as Dentex dentex and Sparus aurata (medium-sized individuals), was detected only by videos. Thus, detectability of some shy species may be greater using sit-and-wait spearfishing videos than SCUBA divers, at least in fished areas. Such an ad vantage of spearfishing videos may lessen in MPAs, where fish are used to and can be indeed attracted by the presence of SCUBA divers (e.g. food association; Cole 1994 , Milazzo et al. 2005 . On the other hand, spearfishing videos recorded while using the sit-and-wait technique are likely to underestimate the abundance of sedentary species. This fishing technique is only occasionally effective for approaching the dusky grouper Epinephelus marginatus, the meagre Sciaena umbra, the rock cod Scorpaena scrofa, the European conger Conger conger and the moray eel Muraena helena -species characterized by a high site fidelity and/or a shy habit in fished areas (S. Bellani pers. comm.).
Multivariate analyses on presence/absence data did not reveal significant differences in the species composition of fish assemblages between UVC and videos. In contrast, differences emerged when analyses were run on raw data. Few species contributed to multivariate patterns and the relative abundance of a small subset of these differed significantly between UVC and videos. Estimates of the density of the combers, Serranus cabrilla and Serranus scriba and that of the Mediterranean rainbow wrasse, Coris julis, were greater in UVC than videos.
For BRUVS, species-specific response to the bait has been shown to affect the relationship between deployment time and species detectability or relative abundance , Yau et al. 2001 , Stobart et al. 2007 . Spearfishing videos are orders of magnitude shorter than ad hoc stationary remotely operated videos (e.g. lasting 10s of minutes). Nonetheless, there was no significant correlation between recording time and relative abundance (MaxN ) for any of the species detected. C. julis, S. cabrilla and S. scriba are not shy species, but they tend to approach the spearfisher (or the BRUV; Stobart et al. 2007 ) as soon as it reaches the bottom (F. Bulleri pers. obs.). Thus, the tendency of these species to approach and follow the diver while sampling strip transects may explain larger estimates of their densities in respect to videos.
Our results suggest that spearfishing videos might be a valuable source of information on the structure of fish assemblages on shallow rocky reefs. The greatest strength of spearfishing videos as a sampling tool lies in their availability: a simple YouTube search for spearfishing resulted in ~900 000 hits (performed on the 4 November 2013). Of course, these numbers include videos that are only marginally related to spearfishing or recorded using fishing techniques other than sit-and-wait and they are, therefore, unlikely to provide quantitative estimates of species richness and relative abundances. On the other hand, these videos generally report noteworthy catches or fishing action and, hence, are only a small proportion of the bulk recorded but not shared within the broad spearfisher community. Spearfishing is very popular along the coasts of the Mediterranean (Lloret et al. 2008 ) and we argue that opening a basin-wide call for videos may allow assessing variation in the structure of shallow fish assemblages at spatial and temporal scales that are well beyond those allowed by ad hoc sampling campaigns operated by scientific divers. However, we stress that this does not imply that spearfishing videos represent a solution to the variety of biases that have been identified for visual sampling techniques (HarmelinVivien et al. 1985 , Cappo et al. 2004 , Edgar et al. 2004 , Cole et al. 2007 , Stobart et al. 2007 , Tessier et al. 2013 .
Along with the possibility of archiving, one of the main advantages of videos over UVC is that of eliminating the bias due to variability among observers. In this case, spearfishers have no role in data extraction from videos, eliminating some of the most serious biases that affect citizen science (e.g. variation in experience, ability, and/or training; Dickinson et al. 2010) . Biases introduced by variations in fishing skills and behavior among spearfishers could be formally assessed following the modeling approach used in this study whether the same site/s is repeatedly sampled by different spearfishers. Thus, estimates of the viewing angle of the videocamera and of visibility, key for obtaining estimates of the surface sampled, might be a major hurdle for the use of videos. Likewise, the accuracy of geo-referencing the information from videos would be entirely dependent upon the fidelity of the information provided by spearfishers. Finally, the possibility of extracting representative estimates of fish species richness and relative abundances, as well as of measures of variability, relies on the will of spearfishers to provide all or most (i.e. a random sample) of the videos recorded during a fishing session, irrespective of catching success. Importantly, information extracted from videos is not limited to native components of resident assemblages, but extends to non-indigenous species. Several Indo-Pacific fish species have established in the Levantine Basin (Edelist et al. 2013 ) and spearfishing videos could be used to monitor their expansion through out the Mediterranean. Likewise, they could be useful to track northward expansions of long naturalized species (e.g. Thalassoma pavo) as a consequence of seawater warming. In addition, the presence of non-indigenous sessile benthic species can be revealed and their frequency of occurrence quantified from spearfishing videos. For example, at our study sites, the invasive macroalgae, Caulerpa racemosa and Asparagopsis taxiformis, were observed in several videos.
In contrast to most studies attempting to assess the validity of remotely or diver operated video as a sampling technique, generally carried out in MPAs , Stobart et al. 2007 , Tessier et al. 2013 , this study was carried out along a coast characterized by heavy exploitation of fish assemblages by both commercial and recreational fisheries. On the one hand, this has prevented an assessment of how the effectiveness of spearfishing videos in sampling large predatory fish (rare at our study sites) compares to that of traditional UVC. On the other hand, it has allowed us to establish that spearfishing videos represent a promising tool for sampling fish assemblages in exploited areas, where videos are more likely to be contributed by recreational spearfishers. Spear fishing videos may thus also provide a unique opportunity to enhance our knowledge of the structure of fish assemblages along human-dominated coasts (a vast proportion of coastlines of developed countries), and, hence, set the stage for conservation and restoration efforts where they are more needed (Miller & Hobbs 2002) . 
